ABSTRACT The effect of production type (layer vs. broiler breeder), age (onset and end of laying cycle), and temperature (20 and 28°C) on various aspects of the egg production process and quality was evaluated. Highly significant differences were detected between laying hens and broiler breeders (P ≤ 0.001) in all production parameters. Similarly, age significantly affected rate of lay (P ≤ 0.001; 75.4% for young vs. 62.6% for old), mean sequence length (P ≤ 0.001; 7.7 d for young vs. 2.6 d for old), and time of oviposition (P ≤ 0.001). However, there was no effect of temperature on rate of lay, sequence length, or feed intake. Significant interactions between hen type and age were apparent in rate of lay (P ≤ 0.001), sequence length (P ≤ 0.001), and time of oviposition (P ≤ 0.001). A significant interaction between production type and age (P ≤ 0.015) was evident in egg weight, but egg component proportions were dependent only on hen type. Egg shape index was significantly affected by age (P ≤ 0.004), by temperature (P ≤ 0.028), and an interaction between type and age (P ≤ 0.001). Specific gravity declined with age (P ≤ 0.035) and increasing temperature (P ≤ 0.013).
INTRODUCTION
Egg production is affected by both genetic and environmental factors, and many interactions between these have been detected. Mean rate of lay in a flock of hens at a particular age is determined by the individual patterns of sequential laying at that time (Johnston and Gous, 2003) . A sequence is defined as the number of eggs that are laid on consecutive days before being interrupted by one or more pause days. The sequence length affects time of oviposition, because the first egg in a sequence is laid early in the morning and subsequent eggs are laid later on succeeding days. Differences in laying pattern are apparent between laying hens and broiler breeders: Laying hens are characterized by a greater number of eggs laid in longer sequences in comparison with broiler breeders that typically lay 3-or 4-egg sequences separated by one or more pause days (Gumulka and Kapkowska, 1996; Gumulka et al., 2010) . Therefore, time of oviposition is affected by type of hen. Lewis et al. (2004) reported that oviposition in laying hens is on average 1 h earlier in comparison with broiler breeders. Time of oviposition also depends on hen age, and Zakaria et al. (2005) found that eggs produced by old flocks were laid on average later in the day. Of the environmental factors influencing egg production, ambient temperature presumably influences time of oviposition because of the negative effect of high temperature on egg production. However, there are no data about the effect of temperature on laying pattern. In addition, we can assume that there may be interactions between these factors because significant interactions have been reported by Lewis et al. (2004) between genotype and time of oviposition, by Zakaria et al. (2005) between age and oviposition time, and by between housing and oviposition time.
Because of the effects of genotype and age on time of oviposition, egg weight, egg composition, and quality are influenced as well. Egg weight varies according to oviposition time, with eggs laid in the morning being heavier than those laid later in the day (Pavlovski et al., 2000; Zakaria et al., 2005 Zakaria et al., , 2009 Tůmová et al., 2007 . At a given age, larger eggs contain greater absolute amounts of the 3 components (yolk, albumen and shell) than smaller eggs but relatively more albumen (Johnston and Gous, 2007a) . Egg component weights also depend on age. The proportion of yolk is negatively related to egg size but positively to hen age. As the hen ages, the weights of the 3 components increase but yolk increases at a faster rate and, therefore, makes up a greater proportion of the egg than albumen or shell (Johnston and Gous, 2007a; Tůmová and Ledvinka, 2009 ). Significant interactions between age and oviposition were revealed in egg weight (Zakaria et al., 2005) , yolk:albumen ratio, and eggshell weight (Tůmová and Ledvinka, 2009) ; between genotype and time of oviposition in eggshell weight (Campo et al., 2007; Tůmová and Ledvinka, 2009; ; and between temperature and genotype in eggshell weight (FrancoJimenez et al., 2007) .
The objective of the study was to evaluate the effects of age and environmental temperature on egg production, time of oviposition, and egg quality of laying hens and broiler breeders.
MATERIALS AND METHODS
In the 7-wk experiment, Lohmann Brown laying hens and Cobb 500 broiler breeders were used. Both young and old birds of both production types were used: At the beginning of the experiment, the young laying hens were 22 wk of age (n = 24) and the old laying hens 83 wk (n = 24), whereas the young broiler breeders were 36 wk of age (n = 24) and the older birds were 64 wk old (n = 24). Birds were placed into 4 environmental chambers in which the temperature was controlled. In each chamber, 6 hens per type and age were individually caged. In 2 chambers, the control temperature of 20°C was maintained while in the other 2 chambers, the temperature was maintained at 28°C. Birds were housed in the chambers 2 wk before the beginning of the experiment to adapt to the conditions. A lighting regimen of 14L:10D was used, with light being turned on at 0500 h. Laying hens were provided ad libitum with a commercial feed (174 g/kg of CP, 11.65 MJ of ME, 32.6 g/kg of Ca), and broiler breeders were given 160 g of a feed with the same protein content but lower energy (174 g/kg of CP, 11.31 MJ of ME, 32.8 g/kg of Ca). Water was available ad libitum from nipple drinkers.
Egg production was recorded daily, and laying pattern was determined by collecting eggs at 2-hourly intervals, starting at 0730 h and ending at 1530 h. Time of oviposition was estimated as the length of time from when lights were turned on until the egg was laid. Rate of lay (%) was calculated as the proportion of eggs laid over the experimental period divided by the number of hen-days in the period. Feed consumption was calculated as the difference between the amount supplied and that unconsumed, these measurements being taken weekly. All the eggs laid on one day a week were collected and used for analyses. Measurements taken on each of these eggs were their weight, which was determined immediately after collection, and then on the following day, on the whole egg, egg shape index (width/ length × 100), and specific gravity. The method used to measure specific gravity was that of Richards and Swanson (1965) , using the weight of the egg in air and in water and substituting in the formula: dry weight/ (dry weight − wet weight). The surface area of each egg was calculated using the equation of Thompson et al. (1985) : 4.67 × (egg weight) 2/3 . Each egg was then broken and a Haugh unit score was calculated based on egg weight and albumen height (Haugh, 1937) , the yolk was weighed, and the shell was weighed only after drying. Albumen weight was calculated by subtracting yolk weight and shell weight from egg weight. Using the weights of each component, the proportions of albumen, yolk, and eggshell in the egg were calculated.
Data were analyzed using ANOVA and 3-way interaction of chicken type, age, and temperature using GenStat 12th edition (Lawes Agricultural Trust). A Pvalue ≤ 0.05 was considered significant for all measurements.
RESULTS

Egg Production
During the course of the experiment, a total of 196 eggs was collected for further analysis. As expected, highly significant differences were detected in all production parameters (Table 1) between laying hens and broiler breeders (P ≤ 0.001), and age significantly affected rate of lay (P ≤ 0.001), length of sequence (P ≤ 0.001), and time of oviposition (P ≤ 0.001). However, there was no effect of temperature on rate of lay, length of sequence, or feed intake. Significant interactions between hen type and age were apparent in rate of lay (P ≤ 0.001), sequence length (P ≤ 0.001), and time of oviposition (P ≤ 0.001). Rate of lay declined with age in both genotypes; in laying hens, the difference being about 20% between young and old birds, whereas in broiler breeders this was only 3%. These differences corresponded with changes in sequence length; in young laying hens, the mean length of sequence was approximately 13 d shorter than in the older hens, whereas in broiler breeders the difference was less than 1 d. The significant interactions of production type and age show that changes in rate of lay and sequence length differ between egg-and meat-type hens. In meat-type hens, the effect of age on egg production, and therefore on laying pattern, is less compared with laying hens. In addition, differences between both types were noticeable in time of oviposition; young laying hens laid their eggs, on average, one hour earlier than old birds, whereas broiler breeders of both ages laid eggs almost at the same time. Time of oviposition was also significantly influenced by the environmental temperature: The higher temperature significantly (P ≤ 0.001) delayed the mean time when eggs were laid. In addition, a highly significant 3-way interaction between type, age, and temperature (P ≤ 0.009) was apparent. These interactions indicate substantial changes in mean time of oviposition in laying hens and broiler breeders associated with a considerable negative effect of high temperature. Feed intake differed between production types, but no other factors had an effect, nor were there any significant interactions between treatments.
Egg Quality
Eggs from broiler breeders were significantly heavier than those from commercial layers (P ≤ 0.001) (Table  2) ; the weight increased significantly with age (P ≤ 0.001) and declined significantly with temperature (P ≤ 0.004). A significant 2-way interaction between type and age (P ≤ 0.015) was evident. Whereas egg weight increased in both types with age, the difference in layers was 12 g compared with only 7 g of difference in broiler breeders. On the other hand, the proportions of egg components were dependent only on type of hen. Laying hens produced eggs with a greater proportion of albumen (P ≤ 0.001) and shell (P ≤ 0.001) but with less yolk (P ≤ 0.001) than broiler breeders. Egg shape (Table 3) changed with hen age (P ≤ 0.004), with eggs becoming longer with advancing age. However, at the higher temperature, eggs were significantly rounder (P ≤ 0.028). In addition, the highly significant interaction between type and age (P ≤ 0.001) led to longer eggs in old laying hens but rounder eggs in old broiler breeders. Eggshell quality, expressed as specific gravity, decreased significantly with age (P ≤ 0.035) and ambient temperature (P ≤ 0.013). Egg surface area corresponded with egg weight, including significant effects of type (P ≤ 0.001), age (P ≤ 0.001), temperature (P ≤ 0.005), and interactions between type and age (P ≤ 0.004). Haugh unit score decreased (P ≤ 0.001) with age. However, there was no significant effect of temperature on this parameter.
DISCUSSION
Results of the current study confirmed differences in rate of lay between laying hens and broiler breeders, being the result of differential selection goals within each production type. The decline in egg production with advancing age was expected, this being the result of the genetically determined decline in ovulation rate over time (Johnston and Gous, 2003) . The significant 2-way interaction between production type and age was the result of egg production dropping more severely (20%) in laying hens than in broiler breeders (3%) due mainly to the larger difference in potential laying performance in laying hens than in broiler breeders. These differences are related to mean sequence length, the laying pattern in broiler breeders being only moderately changed, whereas in laying hens these modifications were substantial. In this process, a variety of physiological processes are involved because the heritability for sequence length is low, 0.11 to 0.23 (Wolc et al., 2010) , exhibited by lower ovulation rate and, hence, shorter ovulation and oviposition sequences Gous, 2003, 2007b) . Sequence length is also an external indicator of the dynamics of the follicular hierarchy (Johnston and Gous, 2003) , and with advancing age, the rate of follicle maturation is retarded, which results in a longer duration of the rapid growth phase and consequently shorter sequences (Zakaria, 1999) . The effect of temperature on egg production is important because egg output has been shown by Marsden and Morris (1987) to remain almost constant between 10 and 25°C despite energy intake falling, thus indicating an improvement in gross energetic efficiency with rising temperature. In the present study, higher ambient temperature did not affect egg production significantly, which corresponds with Roland et al. (1996) , Yahav et al. (2000) , and Yoshida et al. (2011) but is in contrast to Mashaly et al. (2004 ), Franco-Jimenez et al. (2007 , Star et al. (2008) , and Oguntunji and Alabi (2010) . These contrasting results may be the result of one or more of 3 factors: what the authors considered to be a high temperature, whether or not food intake was sufficiently reduced to create a nutrient deficiency at the high temperature, and whether the trial had sufficient numbers of hens and replications to differentiate statistically between 2 treatments in rate of lay. Roland et al. (1996) , Yahav et al. (2000) , and Yoshida et al. (2011) used temperatures up to 29°C, and Yoshida et al. (2011) stated that hen-day production decreased at 31°C, whereas in the other studies the temperature was above 31°C, mostly 35°C. The rate of lay in this trial corresponded with mean sequence length, neither of which was significantly affected by temperature in either genotype, although numerical differences were evident, with both young and old birds showing higher rates of lay and mean sequence length at 28 than at 20°C. This is in contrast to Yoshida et al. (2011) , who suggested a possible effect of heat stress on ovarian function and consequently egg production in laying hens.
A decrease in egg production at high temperatures has been attributed to a reduction in the intake of limiting nutrients, especially where provision has not been made by increasing the content of such nutrients in anticipation of a reduced feed intake (Payne, 1966; Marsden and Morris, 1987; Mashaly et al., 2004; Star et al., 2008; Oguntunji and Alabi, 2010; Yoshida et al., 2011) . In our study, feed consumption, although numerically lower at the higher temperature (15, 3, and 7 g, respectively in young and old broiler breeders and old layers), proved not to be significantly different at the 2 temperatures, as was the case with young layers where food intake was identical at both temperatures. Reduction of feed intake in young broiler breeders at the higher temperature might have been affected by their lower live weight with a consequent lower requirement for maintenance in comparison with old birds. In all cases, rate of lay was numerically higher at the higher temperature, which shows that feed intake was not a limiting factor for egg production. However, the lower intake of nutrients at the high temperature did cause egg weight to decrease significantly at the high temperature. Because egg weight has a lower variance than egg production, it is easier to show significant differences between treatments in egg weight than in rate of lay (Morris, 1999) , and this has often led to incorrect assumptions about the relative effects of various interventions on egg weight and rate of lay.
Laying pattern affects time of oviposition because the first egg in a sequence is laid early in the morning, whereas successive eggs are laid later in a day. In the present study, time of oviposition was affected by production type, age, temperature, and their interactions. Laying hens laid eggs earlier than broiler breeders, which corresponds with findings of Lewis et al. (2004) , who found that laying hens laid their eggs on average about 1 h earlier than broiler breeders. On the basis of these results, it is possible to assume that these differences are related to laying pattern because laying hens have longer sequences and lag between successive ovipositions is shorter than in broiler breeders. Similar findings were demonstrated by Gumulka et al. (2010) , who reported that with increasing sequence length in broiler breeders, the first egg was laid increasingly earlier after lights on. In their study, the mean interval from the beginning of the photoperiod to the time when hens laid the first egg in a sequence was about 3.5 h. Hens laying sequences of between 5 and 6 eggs laid their first egg of the sequence 1.5 h earlier than those laying 2-egg sequences, and those laying 7-to 9-egg sequences laid their first eggs 2.3 h earlier. These results are also in agreement with the effect of age on time of oviposition as well as on laying pattern in our study, where shorter sequences in old birds correlated with later oviposition time. Similar tendencies in oviposition time with advancing age are described by Zakaria et al. (2005) and Johnston and Gous (2007b) .
A similar effect on oviposition time is evident in the case of temperature where the high temperature treatment caused sequence length to decrease and time of oviposition to be postponed. The significant interactions between the factors in the current study indicate that differences in oviposition time are largely dependent on environmental conditions, borne out by the low (0.2) heritability for time of oviposition (Wolc et al., 2010) . Interactions between temperature and the other evaluated factors on time of oviposition might be correlated with irregular patterns of laying in birds kept under high temperatures. Time of oviposition was more affected in broiler breeders than in laying hens, and these findings correspond with Johnston and Gous (2007c) , who revealed that disturbances in egg laying are more frequent in broiler breeders than in laying hens.
Not only was laying pattern evaluated in the present study, but also egg weight and the proportion of components making up the egg. As expected, egg weight differed between laying hens and broiler breeders and also in birds at the beginning and end of the laying cycle. Moreover, there was a significant negative effect of high temperature on egg weight, discussed above, which was noticeable mainly in young birds, which seems to be related to lower feed consumption in young layers and broiler breeders. Interestingly, egg weight was not negatively affected by temperature in old broiler breeders or in birds with a very short mean sequence length. In both of these cases, egg production was presumably sufficiently low so that the birds were able to consume sufficient nutrients to enable them to meet their requirements for egg production. This assumption may be supported by findings that in smaller eggs produced at the high temperature, the proportion of yolk was higher compared with larger eggs. Because yolk synthesis is a continuous process (Johnston and Gous, 2007a) , the weight of yolk is likely to be less affected by temperature than the weights of albumen and shell, thus it is possible that eggs from birds kept at higher temperature are likely to have lower proportions of albumen and shell. Differences in egg component proportion, which has been shown in this study, corresponds with findings of Johnston and Gous (2007a) that mechanistic and stochastic population model for layers may be used to predict proportional changes in egg components with advancing age but also at given age. It seems likely that this model would be appropriate for broiler breeders in which egg weight and the proportion of egg components were similarly modified.
In the laying hens used in this study, egg shape changed with age, with longer eggs being produced by older birds. This phenomenon is widely described in literature. However, the significant interaction between production type and age was brought about by broiler breeders laying rounder eggs with advancing age. Such interactions between genotype and age have been described by Van Den Brand et al. (2004) and Ledvinka et al. (2012) in laying hens. Consequently, it is possible to agree with authors that it is hard to give a reason for observed changes in this phenomenon. Specific gravity decreased with age, which is a result of eggshell quality deterioration with age caused by thinner shell (Suk and Park, 2001 ) and reduced eggshell density (Tůmová and Ledvinka, 2009) . Similarly, specific gravity was lower at the higher temperature, which is in agreement with Mashaly et al. (2004) and Franco-Jimenez et al. (2007) , who described lower values of specific gravity in birds under heat stress and explain this situation due to lower plasma calcium as a result of reduced feed consumption and lack of minerals for eggshell formation. This assumption corresponds with findings of Nikolova et al. (2008) , who stated that in eggs produced under heat stress, calcium carbonate percentage was lower. On the other hand, Cusack et al. (2003) gave the reason for thinner eggs at higher temperatures as the more rapid precipitation of calcium carbonate.
The internal quality of eggs is measured by means of the Haugh unit that associates the height of inner thick albumen with the functionality of albumen. Haugh unit score decreased significantly with hen age, which has been reported previously by Silversides and Scott (2001) , Silversides and Budgell (2004) , and Ledvinka et al. (2012) . Of the inner thick albumen, 90% is composed of ovomucin and is the most important component in determining the height of the inner thick albumen (Toussant and Latshaw, 1999) . Therefore, it is possible to assume that the amount of ovomucin in eggs decreases as the hen ages, which negatively affect albumen height. The parameter is also affected by strain (Toussant and Latshaw, 1999; Silversides and Budgell, 2004) , but in the present study, eggs from broiler breeders had insignificantly lower Haugh unit scores than those from laying hens. Haugh units were slightly reduced by high temperature, which is in contrast with Mashaly et al. (2004) , who reported significantly higher Haugh units in eggs from birds housed under heat conditions. However, in the young laying hens in our study, higher Haugh units were evident at the high temperature. These results show the role of strain, age, and temperature on albumen quality characteristics.
In conclusion, the results of the study show that laying hens and broiler breeders respond differently to high environmental temperatures depending on their age, differences being evident mainly in laying pattern and time of oviposition. The significant 2-and 3-way interactions between production type, age, and environmental temperature indicate that a temperature of 28°C does not negatively influence egg production in birds with shorter sequences, and that lower feed consumption does not necessarily constrain egg production at this temperature. However, because of the lower variance associated with egg weight than with rate of lay, a reduced feed consumption negatively affected egg weight. Egg weight and the proportion of egg components in both laying hens and broiler breeders may be accurately estimated using the mechanistic and stochastic population model created by Johnston and Gous (2007a) because their relationship to egg size and age is similar in both strains.
